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TITLE OF THE INVENTION 

CHROMATIC DISPERSION COMPENSATING APPARATUS 
AND CONTROLLING METHOD OF THE SAME 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority to Japanese patent application number 2002-268894, 
filed September 13, 2002, in Japan, and which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to control of a chromatic dispersion compensating 
module utilizing a virtually imaged phased array (VIPA) as a spectroscope and particularly to 
compensation of chromatic dispersion value and improvement of loss characteristic. 

2. Description of the Related Art 

[0003] An example of conventional technology that compensates for chromatic dispersion 
using the VIPA is described in Japanese Patent Application No. 2000-51 1655, which returns, to 
the VIPA, the light output from the VIPA through the reflection by a mirror. 

[0004] According to the technology described in the Japanese Patent Application Publication 
No. 2001-58947, there is provided a mirror having a shape that provides almost a constant 
chromatic dispersion value, independent of each constituent wavelength, to the light output from 
the VIPA, and also gives different wavelength dispersion to the substantially perpendicular 
direction to the angular dispersion direction of the VIPA. 

[0005] With the above conventional technology, it is possible to easily obtain the necessary 
corrective chromatic dispersion value, which is almost constant in the wavelength band used. 

[0006] FIG. 1 is a diagram for describing an example of a basic structure of a conventional 
VIPA-type chromatic dispersion compensating module (VIPA-DCM). 
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[0007] In FIG. 1 , an input light input from a port (a) of a circulator 1 is output from a port (b) 
and is input to a light inputting/outputting port 2. 

[0008] This input light is converted to a collimated light with collimation lens 3 and is focused, 
with a line focus lens 4, on the plane on the light emitting side of a glass plate 5, that is, on the 
plane opposite to the line focus lens 4. 

[0009] The input light input to the glass plate 5 is emitted little by little from the plane on the 
light emitting side while it is widened through multiple reflections within the glass plate 5. The 
light emitted from the glass plate 5 exhibits behavior similar to that of emitting light from a stair- 
case type diffraction grating. Because this behavior is imaged as a virtual diffraction grating, the 
apparatus having such a structure is referred to as a virtually imaged phased array (VIPA). 

[0010] The light having wavelength X emitted from the VIPA is propagated in the direction 
that satisfies the interference condition of formula (1 ). 

2ndcos<j> = m^ (1) 

[001 1] Here, d and n respectively designate thickness and refractive index of the glass plate 
5, $ designates the interference direction in the glass plate 5, and m designates the interference 
order. 

[0012] The VIPA has a very large interference order value to obtain a large angular 
dispersion and therefore it operates as a spectroscope having excellent performance. 

[0013] Considering one wavelength of the light spectrally output from the VIPA, the 
intensified light satisfying the interference condition is focused on a three-dimensional mirror 7 
allocated at the rear side of a focus lens 6, and the light is returned to the position that is the 
same as the emitting position or to a different position depending on the reflection angle that is 
determined by the shape of the three-dimensional mirror 7. 

[0014] Because a time difference is generated for each wavelength when the light is coupled 
again with an optical fiber, that is, when the light is returned to the inputting/outputting port 2, 
due to the difference in wavelengths at the light emitting position and the light returning position, 
chromatic dispersion is generated, and the structure of FIG. 1 operates as a chromatic 
dispersion compensating module. 
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[0015] The three-dimensional mirror 7 has a shape that gives a different chromatic dispersion 
value to the input lights having equal wavelength in the X-axis direction and an almost equal 
chromatic dispersion value for the wavelength band of the input light in the Y-axis direction. 

[0016] Accordingly, there is provided a chromatic dispersion compensating module that can 
generate chromatic dispersion of a predetermined value for the wavelength band of the input 
light and also change the chromatic dispersion value by moving the three-dimensional mirror 7 
in the X-axis direction. 

[0017] When the VIPA-type chromatic dispersion compensating module is designed using 
the fixed design values of refractive index n, thickness d, and interference direction § of the 
glass plate 5, this VIPA-type chromatic dispersion compensating module may be used for a 
plurality of wavelengths satisfying formula (1). 

[0018] On the other hand, because the three-dimensional mirror 7 is designed to have a 
shape obtained by solving a differential equation including an inclination of the mirror as the 
differentiation amount, considering a particular wavelength (hereinafter referred to as the 
"design wavelength") among a plurality of wavelengths satisfying formula (1), different chromatic 
dispersion values are generated, even when a mirror having the same shape is used, if it is 
used for a wavelength that satisfies formula (1) but is different from the design wavelength. 

[0019] That is, when the light emitted from the VIPA is focused on the same position in the X- 
axis direction of the three-dimensional mirror 7, the chromatic dispersion value generated at the 
design wavelength is different from the chromatic dispersion value generated at another 
wavelength satisfying formula (1). 

[0020] FIG. 2 is a diagram illustrating an example of the relationship between motor 
controlling amount and chromatic dispersion value at the wavelength used for the VIPA-type 
chromatic dispersion compensating module. 

[0021] In FIG. 2, the motor controlling amount may be varied when a motor is used to move 
the three-dimensional mirror 7 in the X-axis direction and corresponds to the position of the 
three-dimensional mirror 7 in the X-axis direction. 

[0022] FIG. 2 illustrates the relationship between the motor controlling amount and the 
chromatic dispersion value for the following cases: (a) a wavelength that is longer than the 



3 



121.1054 

design wavelength is used, (b) a wavelength that is equal to the design wavelength is used, and 
(c) a wavelength that is shorter than the design wavelength is used. For example, regarding the 
motor controlling amount to generate the maximum negative dispersion, the controlling amount 
x when the wavelength (a) is used is larger than the controlling amount y for the design 
wavelength (b), but the controlling amount z when the wavelength (c) is used is smaller than the 
controlling amount y. 

[0023] As described above, when equal chromatic dispersion values are generated, the 
motor controlling amount, that is, the focusing position on the X-axis of the three-dimensional 
mirror 7, must be changed depending on the wavelength used. 

[0024] Moreover, the VIPA- type chromatic dispersion compensating module has a filter 
characteristic, that is, a loss characteristic depending on the wavelength used, but when the 
module is used at a predetermined wavelength, the filter characteristic is changed in 
accordance with the chromatic dispersion value when it is attempted to obtain a predetermined 
chromatic dispersion value by moving the three-dimensional mirror 7 as described above. 

[0025] FIG. 3 illustrates an example of the relationship between filter characteristic and 
chromatic dispersion value. 

[0026] FIG. 3 illustrates the filter characteristics for the following conditions: (a) the chromatic 
dispersion value is 0 ps/nm, (b) the negative dispersion is the maximum, and (c) the positive 
dispersion is the maximum. 

[0027] In the case of (a) in FIG. 3, loss at the wavelength used is almost the minimum. On 
the other hand, in the cases (b) and (c) in FIG. 3, loss at the wavelength used is larger than loss 
at the wavelength in the condition (a) and such loss becomes maximum depending on the 
chromatic dispersion value used. 



SUMMARY OF THE INVENTION 

[0028] An aspect of the present invention is to provide a VIPA-type chromatic dispersion 
compensating module, which changes a chromatic dispersion value by changing the relative 
position between the VIPA and a light returning device, that provides, with a simplified method, 
a controlling amount for changing the relative position corresponding to a required chromatic 
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dispersion value at a particular wavelength used. 

[0029] Another aspect of the present invention is to provide a VIPA-type chromatic dispersion 
compensating module that minimizes loss of signal when the module generates a required 
chromatic dispersion value at a particular wavelength used. 

[0030] Additional aspects and/or advantages of the invention will be set forth in part in the 
description that follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0031] To achieve the above and/or other aspects of the present invention, there is provided 
a chromatic dispersion compensating module having a spectral unit receiving an input light and 
generating an output light having a predetermined wavelength, a light returning unit designed for 
the predetermined wavelength to return the output light to the spectral unit, and a position 
changing unit changing a relative position between the spectral unit and the light returning unit; 
a storing unit storing predetermined position controlling amounts of the position changing unit, 
the position controlling amounts being used to generate a chromatic dispersion value for a 
certain wavelength; and a position controlling unit operating the position changing unit based on 
one of the position controlling amounts in the storing unit corresponding to the predetermined 
wavelength of the output light and the chromatic dispersion value. 

[0032] The storing unit stores predetermined temperatures of the spectral unit, and the 
chromatic dispersion compensating apparatus further includes a heating unit heating the 
spectral unit; a temperature detecting unit detecting a temperature of the spectral unit; and a 
temperature controlling unit controlling the heating unit based on one of the temperatures stored 
in the storing unit corresponding to the predetermined wavelength of the output light and the 
chromatic dispersion value to reduce signal loss. 

[0033] Further, the chromatic dispersion compensating apparatus includes a heating unit 
heating the spectral unit; a light branching unit branching the output light output from the 
spectral unit; a light intensity measuring unit measuring an intensity of the branched output light; 
and a temperature controlling unit controlling the heating unit to provide a maximum light 
intensity as measured by the light intensity measuring unit. 

[0034] The spectral unit generates the output light having a signal light with a first wavelength 
and a monitor light with a second wavelength and an angular dispersion the same as that of the 
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signal light, and the chromatic dispersion compensating apparatus further includes a heating 
unit heating the spectral unit; a light extracting unit extracting the monitor light; a light intensity 
measuring unit measuring an intensity of the extracted light; and a temperature controlling unit 
controlling the heating unit to provide an approximately maximum light intensity as measured by 
the light intensity measuring unit. 

[0035] The spectral unit has a virtually imaged phased array (VIPA) with a plurality of 
passage areas for receiving and outputting light, receives the input light having a plurality of 
continuous wavelengths within the passage areas, and performs multiple reflections of the input 
light to form, through self-interference, output light comprising component lights that are 
spatially distinguished from one another, and thereby disperses the output light at different 
output angles, depending on each constituent wavelength, in a substantially linear dispersing 
direction. 

[0036] The chromatic dispersion compensating apparatus further includes a light returning 
unit having a lens focusing the output light formed with the VIPA and a mirror that returns the 
focused output light to the lens through reflection and causes the lens to return the reflected 
output light to the VIPA, thereby outputting the reflected output light from the VIPA via the 
passage areas by multiple reflections within the VIPA, and forming in a shape that provides an 
approximately constant wavelength dispersion to the output light from the VIPA independent of 
each constituent wavelength for the angular dispersion direction of the VIPA, and provides 
different wavelengths in a substantially perpendicular direction to the angular dispersion 
direction of the VIPA. 

[0037] To achieve the above and/or other aspects of the present invention, there is provided 
a controlling method of a chromatic dispersion compensating apparatus including a chromatic 
dispersion compensating module having a spectral unit receiving an input light and generating 
an output light having a predetermined wavelength, a light returning unit designed for the 
predetermined wavelength to return the output light to the spectral unit, and a position changing 
unit changing a relative position between the spectral unit and the light returning unit, the 
controlling method including designating the predetermined wavelength of the output light and a 
chromatic dispersion value; obtaining a controlling amount of the position changing unit 
corresponding to the designated wavelength and the designated chromatic dispersion value; 
and operating the position changing unit based on the obtained controlling amount. 
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[0038] These, together with other aspects and/or advantages that will be subsequently 
apparent, reside in the details of construction and operation as more fully hereinafter described 
and claimed, reference being had to the accompanying drawings forming a part thereof, wherein 
like numerals refer to like parts throughout. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] These and other aspects and/or advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings, of which: 

FIG. 1 is a diagram illustrating an example of the basic structure of a conventional VIPA- 
type chromatic dispersion compensating module; 

FIG. 2 is a diagram illustrating the relationship between a motor controlling amount and 
a chromatic dispersion value in each wavelength used in the VIPA-type chromatic dispersion 
compensating module of FIG. 1; 

FIG. 3 is a diagram illustrating the relationship between a filter characteristic and a 
chromatic dispersion value; 

FIG. 4 is a diagram illustrating an example of a system to which a chromatic dispersion 
compensating apparatus of the present invention is applied; 

FIG. 5 is a diagram illustrating the chromatic dispersion compensating apparatus 
according to a first embodiment of the present invention; 

FIG. 6 is a diagram illustrating a structure of a VIPA-DCM according to the first 
embodiment of the present invention; 

FIG. 7 is a diagram illustrating an example of data stored in memory of the present 
invention; 

FIG. 8 is a diagram illustrating the chromatic dispersion compensating apparatus 
according to a second embodiment of the present invention; 

FIG. 9 is a diagram illustrating a structure of the VIPA-DCM according to the second 
embodiment of the present invention; 

FIG. 10 is a diagram illustrating dependence of the filter characteristic on temperature; 

FIG. 11 is a diagram illustrating an example of data stored in a memory according to the 
second embodiment of the present invention; 

FIG. 12 is a diagram illustrating the chromatic dispersion compensating apparatus 
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according to a third embodiment and a fourth embodiment of the present invention; 

FIG. 13 is a flowchart illustrating the flow of temperature control according to the third 
embodiment of the present invention; 

FIGS. 14A and 14B illustrate a first relationship between a temperature waveform and 
an optical level waveform according to the fourth embodiment of the present invention; 

FIGS. 15A and 15B illustrate a second relationship between the temperature waveform 
and the optical level waveform according to the fourth embodiment of the present invention; 

FIGS. 16A and 16B illustrate a third relationship between the temperature waveform and 
the optical level waveform according to the fourth embodiment of the present invention; 

FIG. 17 is a flowchart illustrating the flow of temperature control according to the fourth 
embodiment of the present invention; 

FIG. 18 is a diagram illustrating the chromatic dispersion compensating apparatus 
according to a fifth embodiment of the present invention; 

FIG. 19 is a diagram illustrating an example of the relationship between the filter 
characteristic of the VIPA-DCM and a wavelength used and a monitor light wavelength; 

FIG. 20 is a diagram illustrating the filter characteristic in the wavelength used and the 
monitor light wavelength; 

FIG. 21 is a diagram illustrating the chromatic dispersion compensating apparatus 
according to a sixth embodiment of the present invention; 

FIG. 22 is a diagram illustrating another system using the chromatic dispersion 
compensating apparatus according to a seventh embodiment of the present invention; 

FIG. 23 is a diagram illustrating the chromatic dispersion compensating apparatus 
according to an eighth embodiment and a ninth embodiment of the present invention; 

FIG. 24 is another diagram illustrating the chromatic dispersion compensating apparatus 
according to the eighth embodiment and the ninth embodiment of the present invention; 

FIG. 25 is a diagram illustrating the filter characteristics in the wavelength used and in 
the monitor light wavelength according to the eighth embodiment of the present invention; 

FIGS. 26A and 26B illustrate a first relationship between the wavelength waveform and 
the optical level waveform according to the eighth embodiment of the present invention; 

FIGS. 27A and 27B illustrate a second relationship between the wavelength waveform 
and the optical level waveform according to the eighth embodiment of the present invention; 

FIGS. 28A and 28B illustrate a third relationship between the wavelength waveform and 
the optical level waveform according to the eighth embodiment of the present invention; 

FIG. 29 is a flowchart illustrating the flow of control according to the eighth embodiment 
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of the present invention; 

FIG. 30 is a diagram illustrating the waveform of a monitor light source according to the 
ninth embodiment of the present invention; 

FIG. 31 is a flowchart illustrating the flow of control according to the ninth embodiment of 
the present invention; 

FIGS. 32A through 32C are diagrams illustrating the relationship between the optical 
level of monitor light and the filter characteristics used according to the ninth embodiment of the 
present invention; and 

FIG. 33 is a diagram illustrating the filter characteristic of the VIPA-DCM and an example 
of selection of monitor light wavelengths Xm1 and A,m2 according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0040] Hereinafter, embodiments of the present invention will be described in detail with 
reference to the attached drawings, wherein the like reference numerals refer to the like 
elements throughout. The present invention may, however, be embodied in many different 
forms and should not be construed as being limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that the present disclosure will be thorough and 
complete, and will fully convey the concept of the invention to those skilled in the art. 

[0041] FIG. 4 illustrates an example of a system configuration to which the chromatic 
dispersion compensating apparatus of the present invention is applied. This figure illustrates an 
example of a submerged transmission system utilizing a wavelength division multiplexing 
(WDM) optical transmission system. 

[0042] In FIG. 4, a first terminal 301 and a second terminal 401 are connected with a 
submerged transmission path 700. 

[0043] The terminals 301 , 401 are respectively configured with transmitting parts 31 1 , 451 
and receiving parts 351, 411. 

[0044] The transmitting part 31 1 of the first terminal 301 includes a plurality of sub-channel 
transmitters 312 for transmitting an optical signal containing a plurality of different wavelengths, 
channel amplifiers 313 respectively corresponding to each sub-channel transmitter 312, 
chromatic dispersion compensating modules 314, a wavelength multiplexing module 315 for 
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wavelength multiplexing an optical signal from each sub-channel, and a WDM amplifier 316 for 
amplifying the wavelength-multiplexed optical signal. The transmitting part 451 of the second 
terminal 401 has a similar structure. 

[0045] The receiving part 41 1 of the second terminal 401 includes a WDM amplifier 416 for 
amplifying the WDM signal from the submerged transmission path 700, a wavelength 
demultiplexing module 415 for demultiplexing the amplified WDM signal into optical signals of 
differing wavelengths, channel amplifiers 413 respectively corresponding to the isolated optical 
signals of each wavelength, chromatic dispersion compensating modules 414, and sub-channel 
receivers 412. The receiving part 351 of the first terminal 301 has a similar structure. 

[0046] The optical signals from the sub-channel transmitters 312 of the first terminal 301 are 
respectively amplified using the channel amplifiers 313 and transmitted to the chromatic 
dispersion compensating modules 314, to which the present invention is applied, to generate 
predetermined chromatic dispersion. The optical signals are multiplexed with the wavelength 
multiplexing module 315 to generate the WDM signal, amplified with the WDM amplifier 316, 
and then transmitted to the submerged transmission path 700. 

[0047] The WDM signal input to the receiving part 41 1 of the second terminal 401 , after 
propagation through the submerged transmission path 700, is amplified with the WDM amplifier 
416. The individual optical signals are separated by wavelength with the wavelength 
demultiplexing module 415, and amplified respectively with the channel amplifiers 413. The 
chromatic dispersion compensating modules 414, to which the present invention is applied, 
respectively receive the amplified optical signals and generate predetermined chromatic 
dispersion. The optical signals are then input to each sub-channel receiver 412. 

[0048] Communication to the first terminal 301 from the second terminal 401 is performed in 
a similar manner to form a two-way submerged transmission system. 

[0049] The WDM signal becomes chromatically dispersed while it is propagated through the 
submerged transmission path 700, but the chromatic dispersion may be compensated for and a 
satisfactory receiving characteristic can be attained by generating chromatic dispersion inverse 
to the chromatic dispersion generated in the submerged transmission path 700 with the 
chromatic dispersion compensating modules 314 of the first terminal 301 and the chromatic 
dispersion compensating modules 414 of the second terminal 401. 
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[0050] FIG. 5 illustrates an embodiment of a chromatic dispersion apparatus of the present 
invention. 

[0051] In FIG. 5, a chromatic dispersion compensating apparatus 101 includes a VIPA-type 
chromatic dispersion compensating module (VIPA-DCM) 11, a motor 12 provided to change 
positions of the VIPA within the VIPA-DCM 1 1, a three- dimensional mirror 7 (FIG. 6) to return 
light, and a heater 13 for keeping a glass plate 5 forming the VIPA-DCM 11 at a constant 
temperature and stabilizing a chromatic dispersion value generated by the VIPA-DCM 11. 

[0052] FIG. 6 illustrates an example of the configuration of the VIPA-DCM 1 1 , the motor 12, 
and the heater 13. The VIPA-DCM 1 1 has a configuration similar to that shown in FIG. 1. The 
motor 12 is capable of moving the three-dimensional mirror 7 in the X-axis direction. 

[0053] Moreover, in FIG. 5, the chromatic dispersion compensating apparatus 101 further 
includes a non-volatile memory 14 to store, for a plurality of wavelengths, the chromatic 
dispersion values and data indicating the motor controlling amount corresponding to the 
chromatic dispersion values, and a motor controlling circuit 15 for obtaining, from the non- 
volatile memory 14, the motor controlling amount corresponding to the designated wavelength 
used and the designated chromatic dispersion value and operating the motor 12 based on the 
corresponding motor controlling amount. 

[0054] The chromatic dispersion compensating apparatus 101 also includes a light inputting 
terminal 16 for receiving external input light, a light outputting terminal 17 for outputting light 
outside the chromatic dispersion compensating apparatus 101, a circulator 1 for transferring the 
input light from the light inputting terminal 16 to the VIPA-DCM 11 and guiding the output light 
from the VIPA-DCM 11 to the light outputting terminal 17, and an information designation 
inputting terminal 18 for designating the wavelength used and the chromatic dispersion value to 
the motor controlling circuit 15. 

[0055] In FIG. 5, the input light received at the light inputting terminal 16 is input to a port a of 
the circulator 1 , output from a port b, and is then input to the VIPA-DCM 1 1 . 

[0056] The output light from the VIPA-DCM 1 1 is input to the port b of the circulator 1 , output 
from a port c, and is then output from the light outputting terminal 17. The input light received 
externally becomes the output light output from the chromatic dispersion compensating 
apparatus 101 through generation of the predetermined chromatic dispersion using the VIPA- 
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DCM11. 

[0057] The heater 1 3 is provided to keep the glass plate 5 forming the VIPA-DCM at a 
constant temperature and to stabilize the chromatic dispersion value generated by the VIPA- 
DCM. 

[0058] FIG. 7 illustrates an example of data stored in the non-volatile memory 14 of FIG. 5. 
In the data table shown, a plurality of chromatic dispersion values and motor controlling 
amounts corresponding to the chromatic dispersion values are stored for each wavelength 
used. For example, in FIG. 7, as the wavelengths used, the data for 18 wavelengths ranging 
from 1567.440 nm to 1534.937 nm are stored, with an interval of about 1.2 nm. 

[0059] For each wavelength used, the chromatic dispersion values up to +2000 ps/nm from - 
2000 ps/nm are classified into 401 chromatic dispersion values, with an interval of 10 nm, and 
the motor controlling amounts corresponding to these chromatic dispersion values are 
respectively stored. In FIG. 7, the motor controlling amount is expressed as the number of 
pulses given to the motor 12. 

[0060] Next, a method of controlling the chromatic dispersion compensating apparatus 101 is 
described below. 

[0061] First, before starting operation of the transmission system, the wavelength to use with 
the dispersion compensating apparatus 101 and the required chromatic dispersion value are 
determined, and then control of the dispersion compensating apparatus 101 is started. 

[0062] The predetermined wavelength used (e.g., one wavelength in the wavelength 
multiplexing transmission system, such as 1566.211 nm) and the chromatic dispersion value 
(e.g., the predetermined chromatic dispersion value calculated from the fiber characteristic and 
transmission distance used in the transmission system, such as -1990 ps/nm) are input to the 
motor controlling circuit 15 through the information designation inputting terminal 18. 

[0063] Upon receipt of the wavelength and chromatic dispersion values, the motor 12 
controlling circuit 15 obtains the motor controlling amount for the relevant wavelength and the 
chromatic dispersion value from the non-volatile memory 14. 

[0064] In the example of FIG. 7, 4994 pulses can be obtained as the motor controlling 
amount corresponding to the wavelength of 1566.211 nm and the chromatic dispersion value of 
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-1990 ps/nm. 

[0065] The motor controlling circuit 15 operates the motor 12 based on this motor controlling 
amount. 

[0066] With such control, the motor controlling amount may be easily determined to obtain 
the necessary chromatic dispersion value, even for a wavelength other than the design 
wavelength. 

[0067] In FIG. 7, the upper limit value and lower limit value of the wavelength, the interval of 
wavelengths, the upper limit value and lower limit value of the chromatic dispersion value, and 
the interval of the chromatic dispersion value are not limited to those illustrated and the 
wavelength, for example, may be set to that required for the particular transmission system, and 
every wavelength that can be adapted to the VIPA-type chromatic dispersion compensating 
module may also be used. Also, the upper limit value and the lower limit value of the chromatic 
dispersion value may be limited only to the chromatic dispersion value required for the 
transmission system, and the chromatic dispersion value may also be set to the maximum 
positive chromatic dispersion value and negative chromatic dispersion value that can be 
realized with the VIPA-type chromatic dispersion compensating module. In addition, the interval 
of the chromatic dispersion value may be changed as required. 

[0068] In FIG. 7, the relevant values have been introduced as the wavelength used, the 
chromatic dispersion value, and the motor controlling amount, but are not limited thereto, and 
the amount of data to be stored can be reduced by defining, for example, the wavelength of 
1567.440 nm as wavelength No. 1 and the chromatic dispersion value of -2000 ps/nm as 
chromatic dispersion value No. 1 , etc. 

[0069] Further, when the relationship between the chromatic dispersion value at a certain 
wavelength and the motor controlling amount may be approximated with a linear line as 
illustrated in FIG. 2, the motor controlling amount at the predetermined chromatic dispersion 
value can be obtained by a calculation by storing any one of data of two points of the motor 
controlling amount corresponding to the chromatic dispersion value at the relevant wavelength, 
data of a point of the motor controlling amount corresponding to the chromatic dispersion value 
and data of inclination of the linear line indicating the motor controlling amount corresponding to 
the chromatic dispersion value, and also providing an arithmetic circuit to the motor controlling 
circuit 15. In this case, it is enough when only a comparatively small amount of data are stored 
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in the non-volatile memory 14. 

[0070] FIG. 8 illustrates the a chromatic dispersion compensating apparatus according to 
another embodiment of the present invention. In FIG. 8, the chromatic dispersion compensating 
apparatus 102 includes the VIPA-DCM 11, the motor 12 that changes the relative position 
between the VIPA in the VIPA-DCM 11 and the three-dimensional mirror 7 (FIG. 9), the heater 
13 for heating the VIPA, and a temperature sensor 19 to detect the temperature of the VIPA. 

[0071] FIG. 9 illustrates an example of structures of the VIPA-DCM 11, the motor 12, the 
heater 13, and the temperature sensor 19. 

[0072] Moreover, in FIG. 8, the chromatic dispersion compensating apparatus 102 includes 
the non-volatile memory 14 to store the data indicating a plurality of chromatic dispersion values 
and corresponding controlling amounts of the motor 12 for a plurality of wavelengths, and data 
indicating a plurality of chromatic dispersion values for the plurality of wavelengths and 
corresponding temperatures of the VIPA resulting in a minimum loss of the output light. The 
chromatic dispersion compensating apparatus 102 also includes the motor controlling circuit 15 
for obtaining the motor controlling amount of the motor 12 corresponding to the designated 
wavelength used and the designated chromatic dispersion value from the non-volatile memory 
14, and then operating the motor 12 based on the corresponding motor controlling amount. 

[0073] In addition, the chromatic dispersion compensating apparatus 102 includes a 
temperature controlling circuit 20 for obtaining, in regard to the designated wavelength used and 
the designated chromatic dispersion value, the temperature corresponding thereto, based on 
the data stored in the non-volatile memory 14, and then controlling the heater 13, resulting in 
the temperature of the VIPA obtained from the temperature sensor 19 being approximately 
equal to the temperature obtained from the non-volatile memory 14. 

[0074] The chromatic dispersion compensating apparatus 102 also includes the light 
inputting terminal 16 for receiving external input light, the light outputting terminal 17 for 
externally outputting the output light, the circulator 1 for transferring the externally received input 
light to the VIPA-DCM 1 1 from the light inputting terminal 16 and guiding the output light from 
the VIPA-DCM 11 to the light outputting terminal 17, and the information designation inputting 
terminal 18 for providing the designated wavelength and chromatic dispersion value to the 
motor controlling circuit 15 and the temperature controlling circuit 20. 
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[0075] In FIG. 8, the light input from the light inputting terminal 16 is input to porta of the 
circulator 1 , output from port b, and is then input to the VIPA-DCM 1 1 . 

[0076] The output light from the VIPA-DCM 1 1 is input to port b of the circulator 1 , output 
from port c, and is then externally output from the light outputting terminal 17. In this process, 
the input light externally received is used to generate the predetermined chromatic dispersion in 
the VIPA-DCM 11 and becomes the externally output light. 

[0077] The filter characteristic of the VIPA-type chromatic dispersion compensating module, 
that is, the loss characteristic thereof depending on the wavelength changes, according to the 
temperature of the VIPA. 

[0078] FIG. 1 0 illustrates the filter characteristic of the VIPA-type chromatic dispersion 
compensating module changing depending on the temperature of the glass plate 5 forming the 
VIPA. 

[0079] In FIG. 10, curve (a) is the filter characteristic of the VIPA-type chromatic dispersion 
compensating module when the temperature of glass plate 5 is t, indicating that the loss is 
minimized when the wavelength used is X0. This means that the loss of the light is minimized 
for the light emitted in the interference direction 4>0 in the glass plate 5 corresponding to X0 
satisfying the formula (1). 

[0080] When the glass plate 5 is cooled (e.g., with a cooling element or the like) and the 
temperature thereof is lowered to t - At, the glass plate 5 contracts and the thickness thereof is 
reduced tod - Ad. 

[0081] In this case, the wavelength of the light satisfying the formula (1) and indicating the 
interference direction <|>0 in the glass plate 5 becomes shorter than X0 and the filter 
characteristic under this condition shows that loss of signal is minimized at a wavelength shorter 
than X0, as illustrated by curve (b) of FIG. 10, and loss of the signal becomes larger than that of 
curve (a) when the wavelength used is X0. On the other hand, when the filter has the 
characteristic indicated by curve (b) of FIG. 10, loss of signal at wavelength X0 can be improved 
by heating the glass plate 5 and then controlling the filter characteristic to become close to the 
characteristic of curve (a) of FIG. 10. 

[0082] When the glass plate 5 is heated to raise its temperature, the glass plate 5 expands 
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and becomes thicker. As a result, loss of signal is minimized at the wavelength that is longer 
than X0, as illustrated by curve (c) of FIG. 10, and such loss becomes larger than that of curve 
(a) at the wavelength X0. On the other hand, when the filter has the characteristic of curve (c) of 
FIG. 10, loss at the wavelength X0 can be improved by radiating heat (or cooling with a cooling 
element or the like) from the glass plate 5 and controlling the filter characteristic to become 
close to the characteristic shown by curve (a). 

[0083] Accordingly, when the necessary chromatic dispersion value is generated at the 
particular wavelength used, loss of signal can be minimized by controlling the temperature of 
the glass plate 5 through application of the controlling process described above. 

[0084] For example, as illustrated by curve (b) of FIG. 3, when the VIPA-type chromatic 
dispersion compensating module is used under the maximum value of negative dispersion, the 
characteristic shown by curve (c) of FIG. 10 can be approximated to the characteristic shown by 
curve (a) of FIG. 10, and loss at the wavelength used can also be improved by lowering the 
temperature of the glass plate 5 through radiation of heat (or through cooling with a cooling 
element or the like). 

[0085] In the same manner, for example, when the VIPA-type chromatic dispersion 
compensating module is used under the maximum value of positive dispersion as illustrated by 
the characteristic shown by curve (c) of FIG. 3, the characteristic of curve (b) of FIG. 10 can be 
approximated to the characteristic of curve (a) of FIG. 10, and loss of signal at the wavelength 
used can also be improved by heating the glass plate 5 to raise the temperature thereof. 

[0086] FIG. 1 1 illustrates an example of data stored in the non-volatile memory 14 illustrated 
in FIG. 8. The data include the data of a plurality of chromatic dispersion values for each 
wavelength used and the motor controlling amounts corresponding to the chromatic dispersion 
values,and the data of a plurality of chromatic dispersion values for each wavelength used and 
the temperature data of the VIPA corresponding to the chromatic dispersion values. 

[0087] In the example of FIG. 11 , the wavelengths ranging from 1567.440 nm to 1534.937 
nm of the wavelengths ranging used are stored as the data of 18 wavelengths with an interval of 
about 1.2 nm. 

[0088] In regard to each wavelength, the chromatic dispersion values up to +2000 ps/nm 
from -2000 ps/nm are classified into 401 chromatic dispersion values with an interval of 10 nm, 
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and the motor controlling amount and the temperature corresponding to the chromatic 
dispersion values are respectively stored. 

[0089] Next, the controlling method of the present invention is described. 

[0090] The predetermined wavelength used (e.g., one wavelength in the wavelength 
multiplex transmission system, such as 1566.211 nm), and the predetermined chromatic 
dispersion value (e.g., the predetermined chromatic dispersion value calculated from the fiber 
characteristic and the transmission distance used in the relevant system, such as -1990 ps/nm), 
are input to the motor controlling circuit 15 and the temperature controlling circuit 20 via the 
information designation inputting terminal 18. 

[0091] Upon designation of the wavelength and chromatic dispersion value, the motor 
controlling circuit 15 and the temperature controlling circuit 20 respectively obtain the motor 
controlling amount and the temperature corresponding to the wavelength and chromatic 
dispersion value from the non-volatile memory 14. 

[0092] In the example of FIG. 1 1 , the motor controlling circuit 1 5 obtains the motor controlling 
amount of 4994 pulses and the temperature controlling circuit 20 obtains the temperature of 
79.1°C corresponding to the designated wavelength of 1566.211 nm and the chromatic 
dispersion value of -1990 ps/nm. 

[0093] The motor controlling circuit 15 controls the motor 12 based on the motor controlling 
amount obtained, while the temperature controlling circuit 20 compares the temperature 
indicated by the temperature sensor 19 with the temperature of 79.1°C to control the heater 13 
to bring the VIPA to 79.1°C. 

[0094] Through this control, loss of signal in the particular wavelength and necessary 
chromatic dispersion value can be minimized. 

[0095] In FIG. 1 1 , the practical values are indicated as the temperature data, but the 
temperature data are not restricted to the values shown and the amount of data to be stored can 
be reduced by, for example, defining the temperature of 75.0°C as temperature No. 1, the 
temperature of 75.1°C as temperature No. 2, etc. Also, voltage, for example, rather than 
temperature may be used for controlling the heater 13, with the voltage to be controlled used as 
the data. 
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[0096] FIG. 1 2 illustrates a third embodiment of the chromatic dispersion compensating 
apparatus of the present invention. 

[0097] The chromatic dispersion compensating apparatus 103 of FIG. 12 includes the VIPA- 
DCM 11, the motor 12 provided to change the relative position between the VIPA in the VIPA- 
DCM 11 and the three-dimensional mirror (not shown), the non-volatile memory 14 storing 
predetermined data indicating a plurality of chromatic dispersion values for a plurality of 
wavelengths and corresponding motor controlling amounts of the motor 12, and the motor 
controlling circuit 15 used as a relative position controller for obtaining the motor controlling 
amount corresponding to the designated wavelength used and the designated chromatic 
dispersion value from the non-volatile memory 14 and then operating the motor 12 based on the 
corresponding motor controlling mount. 

[0098] The chromatic dispersion compensating apparatus 1 03 also includes the heater 1 3 for 
heating the VIPA, the temperature sensor 19 for detecting the temperature of the VIPA, an 
optical distributor 21 for branching the output light from the VIPA-DCM 1 1 , a level monitor 22 for 
measuring the intensity of light branched from the optical distributor 21 , and the temperature 
controlling circuit 20 for changing the temperature of the VIPA and controlling the heater 13 to 
provide the approximately maximum light intensity obtained from the level monitor 22. 

[0099] The temperature controlling circuit 20 is provided with a memory 23 for storing the 
data required for temperature control of the temperature controlling circuit 20. 

[00100] The chromatic dispersion compensating module 103 also includes the light inputting 
terminal 16 for receiving external input light, the light outputting terminal 17 for externally 
outputting light, the circulator 1 for transferring the externally input light to the VIPA-DCM 1 1 and 
guiding the output light from the VIPA-DCM 11 to the light outputting terminal 17, and the 
information designation inputting terminal 18 for providing the wavelength and the chromatic 
dispersion value to the motor controlling circuit 15. 

[00101] The non-volatile memory 14 stores the data as illustrated in FIG. 7. In FIG. 12, the 
light input from the light inputting terminal 16 is input to port a of the circulator 1 , from port b, 
and is then input to the VIPA-DCM 11. 

[001 02] The output light from the VIPA-DCM 1 1 is input to port b of the circulator 1 , output 
from port c, and branched with the optical distributor 21 , with one of the branched lights being 
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[00103] The intensity of other light branched with the optical distributor 21 is measured with 
the level monitor 22 and the measured value thereof is then input to the temperature controlling 
circuit 20. 

[00104] The method of controlling the motor 12 to obtain the predetermined chromatic 
dispersion value is similar to that of the first embodiment of the present invention described 
above, using the motor controlling circuit 15 to obtain the predetermined chromatic dispersion 
value at the predetermined wavelength. 

[00105] Next, the temperature controlling method is described below. 

[00106] FIG. 13 is a flowchart illustrating temperature control according to the third 
embodiment of the present invention. 

[00107] At operation S31 , the temperature controlling circuit 20 stores, to the memory 23, the 
temperature data from the temperature sensor 1 9 and the optical level data from the level 
monitor 22, respectively, as the initial value of a temperature storing value and the initial value of 
an optical level storing value. 

[00108] Next, at operation S32, the temperature controlling circuit 20 controls the heater 13 to 
heat the VIPA and stores the data indicating that the VIPA is being heated to the memory 23 as 
a heating condition storing value. 

[00109] The temperature controlling circuit 20 compares, at operation S33, the measured 
value of the optical level measured with the level monitor 22 to the optical level storing value 
stored in the memory 23. 

[001 10] When the measured value of the optical level is higher than the optical level storing 
value, the measured value of the optical level and the temperature obtained from the 
temperature sensor 19 are respectively stored, at operation S34, as the new temperature 
storing value and the new optical level storing value. 

[00111] In this case, because the measured value of the optical level has increased, current 
control being performed by the heater 13 is continued to obtain a larger optical level. 

[00112] Therefore, with reference to the heating condition storing value of the memory 23, the 
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temperature controlling circuit 20 determines, at operation S35, whether the heating process is 
continued or whether a heat radiating process is carried out. 

[00113] When the heating process is continued, data indicating continuation of the heating 
process is stored in memory 23 as the new heating condition storing value at operation S36. 

[00114] Referring to FIG. 10, when the heating process is continued, the curve (b) shifts 
toward the curve (a) and loss at the wavelength used tends to decrease under the control of the 
above heating process. 

[00115] When it is determined at operation S35 that the heating process is not continued, that 
is, that the heat radiating process has already started, this heat radiating process is continued 
and indicated in the memory 23 as the new heating condition storing value at operation S37. 

[00116] Referring to in FIG. 10, when the heat radiating process is continued, the curve (c) 
shifts toward the curve (a) and loss at the wavelength used tends to decrease under the control 
of the above heat radiating process. After operation S36 or operation S37 has completed, 
control returns to operation S33. 

[00117] At operation S33, when it is determined that the measured value of the optical level is 
not higher than the optical level storing value as a result of comparing, by the temperature 
control circuit 20, the measured value of the optical level measured with the level monitor 22 
and the optical level storing value, the measured value of the optical level is either identical to 
the stored value or has been reduced. Accordingly, the current control for the heater 13 is 
inverted to obtain a higher optical level. 

[00118] Therefore, with reference to the heating condition storing value of the memory 23, the 
temperature controlling circuit 20 determines whether the heating process is continued at 
operation S38. 

[00119] When it is determined at operation S38 that the heating process is still continued, the 
temperature controlling circuit 20 changes from controlling the heating process to controlling the 
heat radiating process and stores the heat radiating process data to the memory 23 as the new 
heating condition storing value at operation S39. 

[00120] This means that in FIG. 10, the curve (c) shifts in the inverse direction from the curve 
(a) and loss tends to increase at the wavelength used under the control of the heating process, 
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but when the control is changed to the heat radiating process from the heating process, the 
curve (c) shifts toward the curve (a). 

[00121] When it is determined at operation S38 that the heat radiating process data is 
continued, the temperature controlling circuit 20 changes the control to the heating process and 
stores the heating process data to the memory 23 as the new heating condition storing value at 
operation S40. 

[00122] This means that in FIG. 10, the curve (b) shifts in the inverse direction from the curve 
(a) and loss at the wavelength used tends to increase, but when the control is changed to the 
heating process, the curve (b) shifts toward the curve (a). 

[00123] After operation S39 or operation S40 completes, control returns to operation S33. 

[00124] With the process described above, the optical level of the branched output light is 
maintained at approximately the maximum level. That is, when the predetermined chromatic 
dispersion value is generated at the wavelength used in the VIPA-type chromatic dispersion 
compensating module, loss can be reduced to almost the minimum value. 

[00125] A similar effect can be obtained by setting the temperature controlling circuit 20 to 
execute the processes described above, for example, for only a particular period, and thereafter 
to execute the temperature control of VIPA based on the temperature stored in the memory 23 
and the temperature measured with the temperature sensor 19. 

[00126] FIG. 12 is used to illustrate a fourth embodiment of the present invention, which has a 
structure similar to that of the third embodiment described above. 

[00127] In FIG. 12, the memory 23 previously stores the predetermined temperature as the 
initial value of a center temperature (described below) to change the temperature of the VIPA. 

[00128] Here, the controlling method of the motor 12 to obtain the predetermined chromatic 
dispersion value is identical to that of the first embodiment described above, and it is assumed 
that the motor 12 has already been controlled with the motor control circuit 15 to obtain the 
predetermined chromatic dispersion value at the predetermined wavelength. 

[00129] FIGS. 14A through 16B are diagrams illustrating correspondence between 
temperature waveform and optical level waveform. 
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[00130] FIG. 14A illustrates the temperature waveform. In FIG. 14A, tO is the center 
temperature and the temperature is changed within the range of At for this center temperature. 

[00131] The temperature change generates a change in the filter characteristic. 

[00132] FIG. 14B illustrates the optical level waveform when the optical level shows the 
maximum value in the course of changing the temperature. Because the optical level shows the 
maximum value when the temperature rises and falls, it can be understood that the period for 
change of the optical level is equal to twice the period for change of temperature. FIG. 14B 
shows that the filter characteristic is identical to that shown with the curve (a) of FIG. 10. 

[00133] As described above, it can be understood that when the period of the optical level 
waveform is almost twice the period of the temperature waveform, the maximum value of the 
optical level occurs within the temperature range of the temperature waveform. 

[00134] FIG. 15A is identical to FIG. 14A and illustrates a temperature waveform. FIG. 15B 
illustrates an optical level waveform when the optical level does not reach the maximum value in 
the course of temperature change, and when the optical level becomes lower during a rise in 
temperature and higher during a fall in temperature. That is, the phase of the temperature 
waveform does not match with that of the optical level waveform and the optical level increases 
during a fall in temperature. Therefore, the optical level has the maximum value when 
temperature falls. This means that the filter characteristic as illustrated by curve (c) in FIG. 
10can be obtained. 

[00135] It can be understood, therefore, that it is sufficient to decrease temperature to bring 
the optical level approximately to the maximum value when the period of the optical level 
waveform does not equal about twice the period of the temperature waveform and the phases of 
these waveforms do not match each other. 

[00136] FIG. 16A is identical to FIG. 14A and illustrates a temperature waveform. FIG. 16B 
illustrates an optical level waveform when the optical level does not reach the maximum value in 
the course of temperature change, but instead, increases as temperature rises and decreases 
as temperature falls. That is, because the phases of the temperature waveform and the optical 
level waveform are approximately matched with each other and the optical level increases as 
temperature rises, the maximum value can be obtained by raising the temperature. This means 
that the filter characteristic of curve (b) of FIG. 10can be obtained. 
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[00137] It can be understood, as described above, that it is sufficient to raise the temperature 
to bring the optical level approximately to the maximum value when the period of the optical 
level waveform is not equal to about twice the period of the temperature waveform and the 
phases of these waveforms almost match each other. 

[00138] FIG. 17 illustrates a flowchart showing the temperature control flow according to the 
fourth embodiment of the present invention. 

[00139] The temperature controlling circuit 20 stores, as the initial value of the center 
temperature, the temperature that is previously stored in the memory 23 as the center 
temperature storing value at operation S51 . 

[00140] The temperature controlling circuit 20 controls, within a certain time period, the heater 
13 to change the temperature of the VIPA within a certain temperature range, considering the 
center temperature storing value as the center temperature, at operation S52. 

[00141] Subsequently, the temperature controlling circuit 20 sequentially stores the 
temperature data from the temperature sensor 19 and the optical level data from the level 
monitor 22 in a time period that is less than the time period of temperature change at operation 
S53. 

[00142] Next, the temperature controlling circuit 20 obtains respectively a time change 
waveform of temperature (hereinafter referred to as the temperature waveform) and a time 
change waveform of optical level (hereinafter referred to as the optical level waveform) from the 
temperature data, and optical level data which have been stored sequentially, and then 
compares these waveforms at operation S54. 

[00143] Next, the temperature controlling circuit 20 determines whether the period of optical 
level waveform is approximately twice the period of the temperature waveform at operation S55. 

[00144] When the period is approximately twice the period of the temperature waveform, 
control returns to operation S52. 

[00145] When the period is not approximately twice the period of the temperature waveform, it 
is determined whether the phase of the optical level waveform approximately matches the 
phase of the temperature waveform at operation S56, 
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[00146] When the phases approximately match each other at operation S56, the maximum 
value of the temperature stored is then stored as the new center temperature storing value at 
operation S57. Thereafter, the process returns to operation S52. 

[00147] When the phases do not approximately match each other at operation S56, the 
minimum value of the temperature stored is then stored as the new center temperature storing 
value at operation S57. Thereafter, the process returns to operation S52. 

[00148] With the processes described above, the optical level of the branched output light is 
maintained at approximately the maximum value. That is, when the predetermined chromatic 
dispersion value is generated at the predetermined wavelength used in the VIPA-type chromatic 
dispersion compensating module, loss can be reduced to about the minimum value. 

[00149] FIG. 18 illustrates a fifth embodiment of a chromatic dispersion compensating 
apparatus 104 according to the present invention. 

[00150] In FIG. 18, a monitor light source 201 generates a monitor light that has angular 
dispersion caused by the VIPA-DCM 1 1 that is identical to that of light having a first wavelength, 
and the monitor light has a second wavelength that is different from the first wavelength. The 
chromatic dispersion compensating apparatus 104 is configured similar to the chromatic 
dispersion compensating apparatus 103 of FIG. 12. The only differences in the structures are 
that, in FIG. 18, a monitor light inputting terminal 42 for inputting the monitor light and an optical 
multiplexer 44 for multiplexing the input light from the light inputting terminal 16 and the input 
light from the monitor light inputting terminal 42 are provided. 

[00151] Moreover, rather than using the optical distributor 21 of FIG. 12, a demultiplexer 41 for 
extracting the monitor light is connected to the port c of the circulator 1 to guide the extracted 
monitor light to the level monitor 22. 

[00152] FIG. 19 illustrates an example of the relationship between the filter characteristic of 
the VIPA-DCM 1 1 and the wavelength used as the waveform of the input light to generate 
chromatic dispersion, and the wavelength of the monitor light generated by the monitor light 
source. 

[00153] When the VIPA-type chromatic dispersion compensating module 1 1 is designed using 
the refraction index of the glass plate 5 defined as the fixed value n, the thickness d, and the 
interference direction <(>, this VIPA-type chromatic dispersion compensating module 11 may be 
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used at a plurality of wavelengths satisfying the formula (1 ). The maximum value of loss 
appears at a plurality of wavelengths (..., Xk-1, A,k, Ak+1, .... AJ, AJ+1, ...) as illustrated in 
FIG. 19, and the filter characteristics in these wavelength bands are approximately identical. 

[00154] FIG. 20 illustrates filter characteristics in the wavelength used X0 and the monitor light 
wavelength Am 

[00155] In FIG. 19, the wavelength used X0 is determined (for example, X\) and one 
wavelength that is different from X0 among a plurality of wavelengths is determined as the 
monitor light wavelength Xrr\ (for example, Xk). 

[00156] FIG. 20 shows the filter characteristics where the wavelength used is AX) and the 
monitor light wavelength is Am. 

[00157] In FIG. 20, the filter characteristics at X0 and A,m change depending on the necessary 
chromatic dispersion value and the temperature of the VIPA, but the changing behavior is about 
identical in the wavelength used X0 and the monitor light wavelength ?tm. 

[00158] For example, the filter characteristics in the wavelength A.m and in the wavelength X0 
respectively correspond to (a) and (a'), (b) and (b'), and (c) and (c') of FIG. 20. 

[00159] Therefore, loss can be reduced to about the minimum value (in other words, the 
optical level can be set to about the maximum value), even at the wavelength used X0 by 
controlling the loss in the monitor light wavelength Am to about the minimum value (in other 
words, the optical level is set to about the maximum value). 

[00160] Moreover, the optical level of the monitor light can be maintained at about the 
maximum value by controlling, depending on the control flow of FIG. 17, the temperature of the 
VIPA with the temperature controlling circuit 20 with reference to the optical level of the monitor 
light. That is, when the VIPA-type chromatic dispersion compensating module 1 1 generates the 
necessary chromatic dispersion value at the particular wavelength used, loss can be reduced to 
about the minimum value. 

[00161] In addition, because the light of the other wavelength that is different from the 
wavelength used is provided for monitoring purposes in the fifth embodiment, the optical level of 
the output light becomes higher than that where the light of the wavelength used is branched for 
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the monitoring purposes. 

[00162] FIG. 21 illustrates a system using the chromatic dispersion compensating apparatus 
according to a sixth embodiment of the present invention. 

[00163] The system of FIG. 21 independently gives chromatic dispersions to n signal lights 
ranging from the wavelengths M to Xn, which generate identical angular dispersion with the 
VIPA-DCM 1 1 . 

[00164] In FIG. 21, 104(1) to 104(n) respectively designate the chromatic dispersion 
compensating apparatus 104 illustrated in FIG. 18 and are provided to correspond to the signal 
lights of the wavelengths X^ to Xn. The signal lights A,1 to Xn are respectively distributed with 
the optical distributors 51 and one of the distributed lights of each optical distributor 51 is 
supplied to the light inputting terminal 16 of one of the chromatic dispersion compensating 
apparatus 104 (e.g., 104(1), while the other distributed light is respectively supplied, as the 
monitor light, to the monitor light inputting terminal 42 of a different one of the chromatic 
dispersion compensating apparatuses (e.g., 104(2)). 

[00165] Depending on the control flow of FIG. 17 described above, the optical level of the 
monitor light can be maintained at about the maximum value by controlling the temperature of 
the VIPA with the temperature controlling circuit 20, with reference to the optical level of the 
monitor light. That is, loss can be reduced to about the minimum value in the VIPA- type 
chromatic dispersion compensating module 1 1 by generating the necessary chromatic 
dispersion value at the particular wavelength used. 

[00166] Moreover, in the sixth embodiment, another light source is not required for the monitor 
light. 

[00167] FIG. 22 illustrates a seventh embodiment of a system using the chromatic dispersion 
compensating apparatus of the present invention. 

[00168] The system of FIG. 22 provides individual chromatic dispersion to the n signal lights 
having wavelengths M to Xn, which generate identical angular dispersion with the VIPA-DCM 
11. 

[00169] In FIG. 22, 104(1) to 104(n) are chromatic dispersion compensating apparatuses 104 
of FIG. 18 and are provided to correspond to the respective signal lights having wavelengths X1 
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to Xn. 

[00170] The signal lights A,1 to Xn are respectively supplied from the light inputting terminals 
16 of the corresponding chromatic dispersion compensating apparatuses 104(1) to 104(n) to 
respectively generate chromatic dispersion and are then output from the light outputting 
terminals 17. 

[00171] A monitor light source 201 generates the wavelengths Xm that are different from X*\ to 
Xr\ among a plurality of wavelengths that generate the identical angular dispersion with the 
VIPA-DCM 11, and the monitor lights generated are distributed with the optical distributor 51 and 
supplied respectively to the chromatic dispersion compensating apparatuses 104(1) to 104(n). 

[00172] The optical level of the monitor light can be maintained at about the maximum value 
by controlling, according to the control flow of FIG. 17, the temperature of the VIPA with the 
temperature controlling circuit 20, with reference to the optical level of the monitor light. That is, 
when the VIPA-type chromatic dispersion compensating module 11 generates the necessary 
chromatic dispersion value at the particular wavelength used, loss can be reduced to about the 
minimum value. 

[00173] Moreover, in the seventh embodiment, only one monitor light source may be used for 
the monitor lights of many chromatic dispersion compensating apparatuses 104(1) to 104(n) 
and, therefore, it is more economical than preparing a monitor light source for each chromatic 
dispersion compensating apparatus 104(1) to 104(n). Moreover, in the seventh embodiment, 
only one demultiplexer, which demultiplexes the monitor light having the wavelength "km, is 
required to form the chromatic dispersion compensating apparatus 104(1) and 104(n). 

[00174] FIG. 23 illustrates an eighth embodiment of the chromatic dispersion compensating 
apparatus of the present invention. 

[00175] In FIG. 23, the chromatic dispersion compensating apparatus 105 has a similar 
structure to the chromatic dispersion compensating apparatus 104 of FIG. 18. The only 
differences in the structures are that in FIG. 23, a monitor light information inputting terminal 43 
is provided to input the information from the monitor light source, which can generate a second 
wavelength Xrr\ different from a first wavelength X0, to generate angular dispersion identical to 
the first wavelength X0, which generates angular dispersion using the VIPA-DCM 11. 
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[00176] FIG. 24 is another diagram for describing the eighth embodiment and the reference 
numerals in FIG. 24 correspond to those of FIG. 23. 

[00177] In FIG. 24, the monitor light source 202 can generate the second wavelength Am, 
which differs from the first wavelength AO, to generate angular dispersion identical to that of as 
the first wavelength to generate an angular dispersion using the VIPA-DCM 11 

[00178] In FIG. 23, the light generated from the monitor light source 202 is multiplexed in the 
optical multiplexer 44 with an input light from the light inputting terminal 16, output from the port 
c of the circulator 1 via the VIPA-DCM 11, and is then input to the level monitor 22 after having 
been demultiplexed in the demultiplexer 41. 

[00179] The monitor light source 202 periodically changes the wavelength of the light 
generated around the second wavelength Am and provides the information indicating the output 
wavelength to the temperature controlling circuit 20 via the monitor light information inputting 
terminal 43. 

[00180] FIG. 25 illustrates the filter characteristic when the wavelength used is AO and the filter 
characteristic when the wavelength of the monitor light source 202 is Xm. 

[001 81] Because the filter characteristic when the wavelength of the monitor light source 202 
is Am and the filter characteristic when the wavelength used is X0 respectively correspond to (a) 
and (a'), (b) and (b'), and (c) and (c') of FIG. 25, loss can be reduced to about the minimum 
value, even for the wavelength used AO, by controlling the loss in the wavelength of the monitor 
light Am to be about the minimum value. 

[00182] In the eighth embodiment, as illustrated in FIG. 25, the monitor light wavelength (Am) 
is changed in the longer wavelength direction (Am+AA) and the shorter wavelength direction 
(Am-AA), detecting the optical level in each case, and temperature control is performed to 
provide a loss of about the minimum value. 

[00183] Here, the method of controlling the motor 12 to obtain the predetermined chromatic 
dispersion value is identical to that in the first embodiment, and it is assumed that the motor 12 
is controlled with the motor controlling circuit 15 to obtain the predetermined chromatic 
dispersion value in the predetermined wavelength. 
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[00184] FIGS. 26A through 28B are diagrams illustrating correspondence between the 
wavelength waveform and the optical level waveform. 

[00185] FIG. 26A illustrates a wavelength waveform. In FIG. 26A, km designates the center 
wavelength and the wavelength periodically changes in the range from Xm-A\ and \m+AX. 

[00186] The optical level changes depending on this change of wavelength. FIG. 26B is an 
optical level waveform in which the optical level reaches the maximum value in the course of 
change of the wavelength. Because the optical level shows the maximum value as the 
waveform approaches the longer wavelength side and the shorter wavelength side, the period 
of optical level waveform is equal to twice the period of the wavelength waveform. 

[00187] When the period of the optical level waveform is equal to about twice the period of the 
wavelength waveform as described above, the optical level in the monitor light wavelength 
approximates its maximum value. 

[00188] Because the filter characteristic in the monitor light wavelength is about identical to 
the filter characteristic in the wavelength used, the optical level in the wavelength used 
approximates its maximum value. 

[00189] FIG. 27A is identical to FIG. 26A, which illustrates the wavelength waveform. FIG. 
27B illustrates the optical level waveform in which the optical level does not show the maximum 
value in the course of change of waveform. In FIG. 27B, the optical level decreases as the 
wavelength increases and increases as the wavelength decreases. That is, the phase of the 
wavelength waveform does not match the phase of the optical level waveform. 

[00190] Because the optical level waveform shows a characteristic similar to the filter 
characteristic of FIG. 25B, the filter characteristic can be approximated to that of FIG. 25A by 
heating the VIPA, as illustrated in FIG. 10. 

[00191] As described above, it can be understood that when the period of the optical level 
waveform does not equal about twice the period of the wavelength waveform and the phases of 
these waveforms are not identical, the optical level in the monitor light wavelength can approach 
the maximum value by heating the VIPA. 

[00192] Moreover, because the filter characteristic of the monitor light wavelength is about 
identical to the filter characteristic of the wavelength used, the optical level of the wavelength 
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[00193] FIG. 28A is identical to FIG. 26A and illustrates the wavelength waveform. FIG. 28B 
is an optical level waveform in which the optical level does not show the maximum value in the 
course of wavelength change. In FIG. 28B, the optical level increases as the wavelength 
increases and decreases as the wavelength decreases. That is, the phases of the wavelength 
waveform and the optical level waveform match each other. 

[00194] Because the optical level waveform indicates a characteristic similar to the filter 
characteristic of FIG. 25C, the filter characteristic can be approximated to the filter characteristic 
of FIG. 25A by heat radiation of the VIPA, as illustrated in FIG. 10. 

[00195] As described above, it can be understood that when the period of the optical level 
waveform is not equal to about twice the period of the wavelength waveform and the phases of 
these waveforms approximately match each other, the optical level in the monitor light 
wavelength can approximate the maximum value by heat radiation of the VIPA. 

[00196] Because the filter characteristic in the monitor light wavelength is about identical to 
the filter characteristic in the wavelength used, the optical level in the wavelength used can 
approximate the maximum value by heat radiation of the VIPA. 

[00197] FIG. 29 is a flowchart showing the flow of control for the eighth embodiment of the 
present invention. 

[00198] First, the monitor light source 202 is operated to change the monitor light wavelength 
in a certain time period at operation S61. 

[00199] The temperature controlling circuit 20 sequentially stores the wavelength data of the 
monitor light from the monitor light information inputting terminal 43 and the optical data from 
the level monitor 22, to the memory 23 in a time period shorter than the time period of the 
wavelength change, at operation S62. 

[00200] Next, the temperature controlling circuit 20 obtains the wavelength waveform and the 
optical level waveform from the wavelength data and the optical level data, which have been 
stored sequentially, and then compares these waveforms with each other at operation S63. 

[00201] The temperature controlling circuit 20 determines whether the period of the optical 
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level waveform is about identical to twice the period of the wavelength waveform at operation 
S64. 

[00202] When the period is about twice the period of the wavelength waveform, control returns 
to operation S62. 

[00203] When the period is not about twice the period of the wavelength waveform, it is 
determined whether the phase of the optical level waveform about matches with the phase of 
the wavelength waveform at operation S65. 

[00204] When the phases approximately match each other, the heater 13 is controlled to heat 
the VIPA at operation S66. 

[00205] Thereafter, control returns to operation S62. 

[00206] When the phases do not approximately match each other, the heater 13 is controlled 
for heat radiation of the VIPA at operation S67. 

[00207] Thereafter, control returns to operation S62. 

[00208] With the processes described above, the optical level of the monitor light can be 
maintained at approximately the maximum value. That is, when the necessary chromatic 
dispersion value is generated in the particular wavelength used, loss can be reduced almost to 
the minimum value in the VIPA-type chromatic dispersion compensating module 11. 

[00209] Moreover, because the lights of other wavelengths are provided in the eighth 
embodiment, the optical level of the output light of the wavelength used can be increased 
compared to branching the light of the wavelength used for monitoring purposes. 

[00210] FIG. 23 is also used to illustrate the basic structure of the chromatic dispersion 
compensating apparatus according to a ninth embodiment of the present invention. The 
structure is identical to that of the eighth embodiment of the present invention described above. 

[00211] FIG. 24 is also used as a second diagram for describing the ninth embodiment and is 
configured identically to that of the eighth embodiment. In FIG. 24, the monitor light source 202 
periodically generates lights having two different wavelengths Ami and Am2. Information 
indicating the output wavelength is provided to the temperature controlling circuit 20 via the 
monitor light information inputting terminal 43. 
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[00212] FIG. 30 illustrates an example of the waveform of the monitor light source 202 with 
wavelengths Xm1 and Xm2. 

[00213] In FIG. 30, Xm generates an angular dispersion that is identical to the angular 
dispersion generated by the wavelength used with the VIPA-DCM 1 1 . The filter characteristic 
that shows the minimum loss in the wavelength Am is indicated in FIG. 30. 

[00214] In this filter characteristic shown in FIG. 30, the wavelengths A,m1 and Xm2, which 
provide almost equal loss, are selected as the wavelengths generated by the monitor light 
source 202. the wavelength Xm1 is on the shorter wavelength side of the wavelength Xm and 
the wavelength Xm2 is on the longer wavelength side of Xm. 

[00215] Here, the method of controlling the motor 12 to obtain the predetermined chromatic 
dispersion value is similar to that described above for the first embodiment of the present 
invention and it is assumed that the motor 12 has already been controlled with the motor 
controlling circuit 15 to obtain the predetermined chromatic dispersion value in the 
predetermined wavelength. 

[00216] The memory 23 of FIG. 23 previously stores the allowable value L0 of the difference 
between the measured value of the optical level in the wavelength A,m1 and the measured value 
of the optical level in the wavelength ^m2. 

[00217] FIG. 31 is a flowchart illustrating the flow of control in the ninth embodiment of the 
present invention. 

[00218] At operation S71, the monitor light source 202 periodically generates light having 
wavelengths A,m1 and Xm2. 

[00219] The temperature controlling circuit 20 obtains the wavelength data of the monitor light 
from the monitor light information inputting terminal 43 and the optical level data from the level 
monitor 22 at operation S72. 

[00220] Next, the temperature controlling circuit 20 compares the optical level L (Xm1 ) of the 
wavelength kml with the optical level L (Xm2) of the wavelength Xm2at operation S73. 

[00221] The temperature controlling circuit 20 determines whether the absolute value of the 
difference between L (A,m1) and L (?an2) is less than or equal to the allowable value L0 stored in 
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the memory 23 at operation S74. 

[00222] When the absolute value of the difference between L (A,m1) and L (Xm2) is less than 
or equal to the allowable value L0, control returns to operation S72. 

[00223] The above process means, as illustrated in FIG. 32A, that Xm is in the proximity of the 
minimum value of loss and that the current temperature of the VIPA is appropriate. 

[00224] When the absolute value of the difference between L (Ami ) and L (Xm2) is not less 
than or equal to the allowable value L0, it is determined that any one of L(Am1) and L (Xm2) is 
larger at operation S75. 

[00225] When L (?jti1) is larger than L (A,m2), the temperature controlling circuit heats the 
VIPA at operation S76. 

[00226] Thereafter, control returns to operation S72. 

[00227] The above process indicates, as illustrated in FIG. 32B that the minimum value of loss 
of the filter characteristic deviates on the shorter wavelength side and that the minimum value of 
loss of the filter characteristic can approach km by heating the VIPA, as illustrated in FIG. 10. 

[00228] When L (Xm1) is not larger than L (A,m2) at operation S75, the temperature controlling 
circuit 20 controls the VIPA to radiate heat at operation S77. 

[00229] Then, control returns to operation S72. 

[00230] The above process indicates that the minimum value of loss of the filter characteristic 
deviates on the longer wavelength side, as illustrated in FIG. 32C, and that the minimum value 
of loss of the filter characteristic can approach Xm when the VIPA radiates heat, as illustrated in 
FIG. 10. 

[00231] With the process described above, the optical level of the wavelength Xm can be 
maintained at about the maximum value. That is, when the necessary chromatic dispersion 
value in the particular wavelength used is generated, loss can be reduced to about the minimum 
value in the VIPA- type chromatic dispersion compensating module 11. 

[00232] Moreover, because the light of the other wavelength is also prepared for monitoring in 
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the ninth embodiment, the optical level of output light of the wavelength used is higher than that 
when the light of the wavelength used is branched for monitoring purposes. 

[00233] The monitor light source 202 periodically generates light having wavelengths of Xm1 
and Xm2, but a similar effect can also be attained with a similar control, even when the light 
sources for generating the wavelengths ^m1 and A.m2 are provided individually. 

[00234] FIG. 33 illustrates an example of the selection of and Xm2. In FIG. 33, the filter 
characteristics (Xm1) and (A,m2) correspond to different wavelengths with the angular dispersion 
generated with the VIPA-DCM 11 considered to be identical. Because the shapes of the curves 
are almost identical, these filter characteristics can provide almost identical effects through the 
control process described above, even when the wavelength Xml is selected from the filter 
characteristic (1) and the wavelength A.m2 is selected from the filter characteristic (2). 

[00235] Although a few embodiments of the present invention have been shown and 
described, it will be appreciated by those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit of the invention, the scope of 
which is defined in the claims and their equivalents. 
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